Background: Little is known about the impact of chronic kidney disease (CKD) on health-related quality-of-life outcomes after coronary artery bypass grafting (CABG).
enced worsened PF scores, compared with 0% of patients with stages 0 to 2 and stage 3 CKD (PϽ.001). In contrast to PF scores, patients with and without CKD had similar improvements in mean MH scores at 6 months, and patients with stages 4 to 5 CKD had the highest frequency of those with improved MH scores (77%). After adjustment, no patients experienced worsened MH scores.
Conclusions: After 6 months, patients with severe CKD who underwent CABG had improvement in MH but not improvement in PF and may have had worsened PF compared with those without severe CKD. Comparable evidence regarding quality-of-life outcomes in the absence of CABG is needed to more fully inform decision making regarding patients with severe CKD and coronary artery disease. Med. 2006; 166:2014 -2019 M ORE THAN 500 000 coronary artery bypass grafting (CABG) surgical procedures are performed annually in the United States, and chronic kidney disease (CKD) is present in 25% of these patients. 1, 2 Even mild to moderate degrees of CKD have an adverse effect on in-hospital mortality, perioperative bleeding, rehospitalization, and long-term mortality after CABG surgery. [2] [3] [4] [5] [6] [7] These risks may be offset by a marginal survival benefit in patients with CKD who undergo CABG; however, there are no randomized controlled trials of the net benefit of CABG in patients with CKD.
Arch Intern
Although, on average, elective CABG surgery provides a significant improvement in patients' quality of life (QOL), [8] [9] [10] certain subgroups, such as elderly individuals, women, obese patients, and those with a good preoperative health status, are less likely to derive a substantial benefit. [10] [11] [12] [13] To our knowledge, no previous studies have investigated whether CKD alters the benefits derived in health-related QOL after CABG surgery. On one hand, because of the higher disease burden of coronary artery disease in patients with CKD, preoperative health status may be worse for patients with CKD, thus providing a greater opportunity for benefit. On the other hand, patients with CKD have higher in-hospital complication rates that may lead to worsening of QOL. In addition, patients with CKD have other problems, such as anemia, protein malnutrition and uremia, deranged mineral metabolism, and other comorbidities, such as diabetes mellitus, all of which may additionally limit the beneficial impact of surgery on their health-related QOL. Because the survival benefits are unclear in most cases of CABG in patients with CKD, the decision to undergo this surgery should incorporate potential improvement in postoperative healthrelated QOL. However, information on this is lacking. To address this issue, we ex-amined changes in physical function (PF) and mental health (MH) scores over a 6-month period in a cohort of patients with various degrees of CKD who underwent CABG surgery.
METHODS

STUDY POPULATION AND DATA COLLECTION
The study design for the Approaches to Recovery after Coronary Surgery Cohort has been described previously. 11 Briefly, from February 1999 to February 2001, all patients admitted for CABG surgery at Yale-New Haven Hospital, New Haven, Conn, were screened for this study. Patients younger than 30 years, those with a previous CABG or undergoing concomitant operations, and those with barriers to the interview, such as those with impaired mental status or those who were non-English speaking, were excluded.
After surgery, patients completed a baseline interview while still in the hospital. To evaluate PF, we used 2 of the 8 subscales of the Medical Outcomes Trust Short Form 36-Item Health Survey (SF-36, version 1.0), the PF and MH subscales. The SF-36 has been validated in patients with coronary heart disease and has recognized validity in patients who have undergone CABG. 14 The abstraction of other clinical variables was based on definitions consistent with the Society of Thoracic Surgery National Cardiac Database. 15 This database contains 217 core fields with internal quality controls for out-of-range, inconsistent, contradictory, and missing data, making it a reliable database with high-quality data.
Patients were contacted by telephone 6 months after undergoing CABG and asked about their PF and MH by use of the same instruments as at baseline. The Yale University School of Medicine institutional review board approved the study, and all patients provided informed consent.
Renal function was measured based on estimated glomerular filtration rate 
PRIMARY OUTCOMES: PF AND MH
At baseline and at the 6-month follow-up, PF and MH were assessed as follows. A PF score was calculated based on the PF subscale of the SF-36. 16 For each question, patients were asked if various activities, such as running, vacuuming, lifting groceries, climbing stairs, walking, bathing, and dressing, had been limited a lot, a little, or not at all in the prior month. Consistent with prior validation of this instrument, each item was scored as 100 points (not at all), 50 points (a little), and 0 points (a lot), and scores were averaged across the 10 total items for a final score ranging from 0 to 100, with 100 indicating the best PF.
An MH score was calculated on the MH subscale of the SF-36. For each question, patients were asked to rank the frequency within the past month (ranging from all of the time to none of the time on a 6-point scale) with which they had experienced anxious moments, calm and peaceful moments, and cheerful or depressed moods. Scores were averaged across the 5 total items for a final score ranging from 0 to 100, with 100 indicating the best MH.
The main outcomes for this study were based on the change in PF and MH scores at 6 months compared with baseline scores. Each follow-up score subtracted the baseline score for a PF improvement score ranging from −100 to 100 at each follow-up time point, with 100 indicating the best improvement in functioning.
Patients were considered improved if they showed a positive change of at least 5 units in the scale scores. Patients were considered worsened if their PF or MH score declined by 10 units from baseline. A more prominent decrease was chosen a priori because we sought to determine a substantial worsening, and these changes have been deemed clinically relevant in previous studies. 10, 12, 17 The other patients were classified as unchanged.
SECONDARY OUTCOMES
At baseline and at 6-month follow-up, other important variables were analyzed. These included bodily pain scores (from the SF-36) and depression scores (via the Abbreviated 15-item Geriatric Depression Scale). 18 Potential confounders were selected based on previous literature 14, 19 that demonstrated certain patient and clinical characteristics that can influence the outcome after CABG surgery. The variables abstracted specifically for our study from the Society of Thoracic Surgery National Cardiac Database and chart abstraction are listed in Table 1 .
DATA ANALYSIS
We used the Wilcoxon rank sum method to analyze differences in baseline and 6-month scores because these values were not normally distributed. Analysis of variance models were used to calculate mean changes in PF scores from preoperative values to follow-up values and analysis of variance models after adjustment of baseline factors. For calculating differences in rates of improvement or worsening and odds ratios by CKD subgroup, we used 2 analyses and Cochrane Mantel-Haenszel statistics. We used linear regression models that incorporated the covariates to obtain adjusted changes in scores and logistic regression models to calculate adjusted odds ratios. All tests for statistical significance were 2-tailed, with an ␣ level of .05. All analyses were conducted with SAS statistical software (version 9.1; SAS Institute, Cary, NC).
RESULTS
STUDY POPULATION AND BASELINE CHARACTERISTICS
Of the 1164 patients in the original cohort, 14 were excluded who had no preoperative measure of renal function, and 95 were excluded owing to lack of completion of the 6-month PF survey, including 29 who died, 18 who refused the follow-up interview, and 11 who were too sick; the rest were lost to follow-up. In addition, 44 patients were excluded from the analyses of changes in MH owing to absence of completion of the MH survey. The final study sample included 1055 patients. There were no statistically significant differences in the percentage of patients with any of the clinical characteristics listed in Table 1 between the included and excluded patients except for a slightly higher percentage of subjects with an ejection fraction smaller than 40% (23% vs 15%; P=.03) and with a medical history of myocardial infarction (65% vs 56%; P=.03) in the cohort of excluded subjects. Thirteen percent of the subjects had stages 4 to 5 CKD, but this difference was not statistically significant (P =.29) compared with the final analyzed cohort. Based on the National Kidney Foundation classification system, 29% of the study sample had stage 3 CKD. Five percent had stages 4 to 5 CKD, and of these, 1.6% (17 patients) were undergoing long-term hemodialysis (Table 1) . Patients with stages 0 to 2 CKD were more likely to be male and younger. Patients with stages 3 and 4 to 5 CKD had significantly more comorbidities and were more likely to have a low ejection fraction, anemia, hypertension, and diabetes mellitus (Table 1) .
RENAL IMPAIRMENT AND PF SCORES
Absolute PF scores at baseline and at 6-month follow-up varied by renal impairment level, were significantly lower at both time points in the group with stage 3 CKD, and were lowest in the group with stages 4 to 5 CKD ( Table 2) . At 6-month follow-up, the change in the mean PF increased the most in the group with stages 0 to 2 CKD followed by the group with stage 3 CKD. Patients with advanced CKD (stages 4-5) had a mean decrease in their PF scores after adjusting for baseline score. This graduated relationship of decreasing change in PF score with worsening CKD persisted after adjusting for other demographic and clinical variables.
PROPORTION AND RELATIVE RISK OF IMPROVEMENT AND WORSENING
The percentage of patients whose PF scores improved at 6 months exceeded 50% in all strata of GFR ( Table 2 ). The odds of improved PF scores were not different among the stages of CKD after adjusting for a comprehensive set of demographic and clinical variables.
The percentage of patients whose PF scores worsened at 6 months increased as GFR declined. After adjusting for baseline scores, patients with stages 4 to 5 CKD experienced a worsened PF score at 6 months at a frequency of 21% compared with 0% of patients with stages 0 to 2 and stage 3 CKD (PϽ.001).
RENAL IMPAIRMENT AND MH SCORES
Absolute MH scores at baseline also varied by renal impairment level, with those with stages 4 to 5 CKD having the lowest scores (Table 2) . However, at 6 months, MH scores improved equally among all 3 strata of CKD, which persisted after adjusting for baseline score and other covariates.
PERCENTAGE AND RELATIVE RISK OF IMPROVEMENT AND WORSENING
The percentage of patients whose MH scores were improved at 6 months exceeded 50% in all strata of CKD and was 77% in the group with stages 4 to 5 CKD (P=.02) ( Table 2) . Unadjusted MH scores worsened in 10% at 6 months in all strata of CKD (P=.35). However, when the follow-up scores were adjusted for baseline score, no subjects worsened in any of the 3 groups of CKD ( Table 2 ). The odds of improved or worsened MH scores were not different among the stages of CKD after adjusting for a comprehensive set of demographic and clinical variables.
CORRELATION BETWEEN PF AND MH SCORES
Changes in PF and MH scores were significantly correlated in the groups with stages 0 to 2 and stage 3 CKD (r = 0.43, PϽ.001 and r = 0.38, PϽ.001, respectively). Changes in PF and MH scores did not correlate in the group with stages 4 to 5 CKD (r = 0.23; P = .11).
SECONDARY OUTCOMES
To ensure internal validity of the MH assessment, changes in MH scores were compared with changes in the abbreviated 15-item Geriatric Depression Scale. There was a strong correlation between the change in the 2 scores (r=0.49, PϽ.001). Bodily pain, measured by the bodily pain subscale of SF-36, improved equally among the 3 groups.
COMMENT
Our results show a mixed effect of CABG surgery on 2 health-related QOL measures 6 months after the procedure in patients with varying degrees of CKD. Although PF scores were improved in those with moderate (stage 3) CKD (GFR 30-60 mL/min per 1.73 m 2 ), they were not improved in patients with severe (stages 4-5) CKD (GFRϽ30 mL/min per 1.73 m 2 ), regardless of the baseline functional status. Alternatively, patients with moderate (stage 3) CKD were able to achieve improvements in physical outcomes similar to those patients with normal or mildly depressed GFR. In contrast, patients from all strata of GFR garnered an improvement in MH scores 6 months after the procedure. Even patients with severe CKD had significant improvements in measures of MH, and these patients were the most likely to have an improvement in their MH score at 6 months.
To our knowledge, there are no previous reports specifically studying health-related QOL in patients with CKD who have undergone CABG. In 2 studies that examined predictors of health-related QOL after CABG, elevated serum creatinine was associated with a lower postoperative PF score in 1 study but not in the other. 12, 14 In regard to overall health, patients with CKD have a higher frequency of comorbidities such as diabetes mellitus, hypertension, anemia, low ejection fraction, increased clinical severity of CHF, increased frequency of left main and 3-vessel disease, and peripheral vascular disease. [1] [2] [3] Patients with CKD have more postoperative complications, such as prolonged mechanical ventilation, stroke, bleeding, and longer length of stay. 5 Patients with CKD are also more likely to be readmitted to the hospital after CABG surgery. 20 Thus, it is plausible that patients with CKD, especially advanced CKD, may not have as great of a beneficial response in PF as the groups with normal or near-normal GFR. In addition, the group with the most (1) 12 (1) 11 (2) .76 Change in score, adjusted for covariates ‡ 11 (1) 13 (1) 14 (3) .44 Improved score, % † 58 56 77 .02 Worse score, % † 0 0 0 ND Abbreviations: CABG, coronary artery bypass grafting; CKD, chronic kidney disease; ND, no data. *P values for differences in baseline scores and 6-month postsurgery scores were obtained from results of Wilcoxon rank sum test. P values for differences in changes in score from baseline were obtained from results of analysis of covariance. P values for adjusted changes in scores were obtained from results of analysis of covariance. P values for differences in percentages were obtained from results of 2 test. †Adjusted for baseline scores. ‡Adjusted model included the following covariates: baseline score; age; sex; current smoking; history of hypertension; angina; diabetes mellitus; cerebrovascular accident and myocardial infarction; depressed left ventricular ejection fraction; anemia; number of diseased vessels; and medications including diuretics, ␤-blockers, and aspirin.
severe degree of CKD (stages 4-5) had no appreciable improvement in overall PF scores, before and after adjustment, which implies that it is not just the associated comorbidities of CKD that are limiting but also some additional factor that is intrinsic to advanced CKD (eg, uremic toxins, immune suppression, or malnutrition). In fact, the uremic milieu is known to impair pulmonary function, impair wound healing, and most relevant to this study, impair muscle function and strength. [21] [22] [23] [24] [25] Indeed, several other studies [26] [27] [28] have found that PF, when measured with validated instruments such as the SF-36, is negatively correlated with GFR.
It is not clear why the changes in PF and MH were discordant in the severe CKD group in our study. However, previous data have revealed a discrepancy between PF and MH scores in patients with CKD. In one study, 29 the SF-36 PF and MH scores were only very weakly correlated in patients with end-stage renal disease. In another study, 26 although PF scores were lower in patients with CKD, MH scores in patients with GFR less than 60 mL/min per 1.73 m 2 were not different from those with preserved GFR. We did find lower MH scores at baseline in the group with stages 4 to 5 CKD, with this group having the largest improvement in MH scores 6 months after undergoing the procedure. Improvement in MH scores across the CKD subgroups could be related to a decrease in anxiety owing to alleviation of bodily pain with surgery. In our study, across all strata of CKD, bodily pain improved. In addition, the improvement in MH scores may also be related to improvement in symptoms of depression because the MH scores correlated well with an improvement in depression.
Although the present study is, to our knowledge, the first to evaluate the health-related QOL outcomes after CABG among patients with CKD, there are limitations that should be considered when interpreting the results of this study. A major limitation is that the group with severe (stages 4-5) CKD is small. Part of this may reflect a bias of surgeons toward performing less surgery in these patients because of the potential for worse postoperative outcomes. In addition, the patients with severe CKD who were selected for surgery were probably healthier than a general cohort of patients with severe CKD because this was not a randomized trial. Another major limitation is that the baseline PF and MH scores were retrospectively obtained at discharge. This may have led to biases in recall of preoperative status, particularly influenced by an individual's postoperative course. However, previous studies 30 suggest that recall of preadmission health status is valid and reliable. Other limitations include use of the SF-36, which is a general function measure, rather than instruments designed specifically for patients with coronary heart disease. However, the SF-36 has been validated extensively in patients with coronary heart disease and those undergoing CABG.
10,31 Finally, we are limited by the fact that we do not have a control group of patients with CKD who did not receive CABG to assess what would have happened to QOL measures in the absence of surgery. Unfortunately, to our knowledge, there are no longitudinal studies of changes in health-related QOL in patients with CKD and coronary artery disease who do not undergo CABG.
In conclusion, to our knowledge, this is the first study to quantify the changes in health-related QOL in subjects with varying degrees of CKD. Current American College of Cardiology and American Heart Association guidelines indicate that improvement in QOL is a primary indication for CABG surgery. 32 Patients with CKD typically have a more complicated postoperative course after CABG for several reasons (discussed in the second paragraph of the "Comment" section). It is imperative to include outcomes such as health-related QOL when performing risk-benefit analyses prior to making decisions to proceed with this surgery in certain individuals. The results from this study and future studies in this area with an appropriate control group (those without CABG) may assist in the decision process of whether to pursue CABG in patients with coronary artery disease in those with advanced CKD. Specifically, if our data, which indicate that there is a high likelihood of worsened PF in patients with CKD after CABG surgery, are confirmed by others, and if these new data reveal worsened PF after CABG in comparison with those who do not receive surgical intervention, it may deter some patients with CKD and their physicians from pursuing surgery and provide those who pursue such a strategy with realistic estimates of what they can expect in terms of healthrelated QOL. Role of the Sponsor: The funding and support organizations had no role in the design or conduct of the study; collection, management, analysis, or interpretation of the data; and preparation, review, or approval of the manuscript.
